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EP 1 016 544 A2 : 
Description * ' " 

BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001 ] The present invention relates to a recording medium, and particularly to a recording medium suitable for use 
: " ink-jet recording systems, a production process thereof, and an image forming process using such a recording 



in 

medium 



Related Background Art - 

[0002] An ink-jet recorcfing system is a system that minute droplets of an ink are ejected by any one of various work- 
ing principles to apply them to a recording medium such as paper, thereby making a record of images, characters 
and/or the like, and is being quickly spread in various applications because it has features that recording can be con- 
ducted at high speed and with a low noise, color images can be formed with ease, recording patterns are very flexible, 
and development and fixing process are unnecessary. 

[0003] Further, it begins to be applied to a Jieid of recording of full-color images because images formed by a multi- 
color ink-jet system are <»rnparable in quality ^mufti-color prints by a plate making system and photoprints by a coior 
photographic system; arid such printed iroges can be obtained at lower cost than the usual muIti-color>rints~and pho- 
toprints when the number of copies is isma5l; T ^^ _ ,. , 
[0004] With the improvement in r^rdabflity such as speeding up and high definition of recording, a^fufl-cotonng 
of images in the ink-jet recording system, recording apparatus and recording methods have been irrprov^, and record- 
ing media have also been required to have higher properties. v ' "~ ' 
[0005] - In-order- to enhance absorbency. coloring ability and resolution, there have been proposed a wide variety of 
recording media ^^^J^Jmrmq alporous layerwrth inorganic particles,jbr example, recording media, in which a 
porous layer comprising ah alumina hydrate is provided on a substrate as described in Japanese Patent Application 
Laid-Open Na 2-276670. -™-*. — w x 

[0006] As described in Japanese Patent Application Laid-ppenNp v 4-1 01 880. recording media, ia which a trans- 
parent ink-fixing layer formed of a resin capable of being dissolved. in or swelled by a solvent contained in an ink is pro- 
vided on a substrate, have also been proposed. ^ri^- si/jroq"^: r-z:irSv\*L\z3rk&*~\?: t-r-^; 
[0007] However, inks of the type that a dye component is dissolved in a solvent have heretofore been often used in 
. the conventional- ink-jet recording system. . . * . ,>. . . . 
[0008] When such a dye ink is used,; the resulting print is naturally poor in light fastness and ozone fastness and 
hence involves a problem that it undergoes fading or color change when it is stored for a long period of time. Therefore, 
as described in Japanese Patent Application Laid-Open No. 58-136482 and U.S. Patent Na 5,374,475, there have 
been proposed recording media in which a porous layer comprising a thermoplastic polymeric material is provided on 
a substrate, and the porous layer is melted by the action of heat and pressure after printing to make it dense. 
[0009] As described in Japanese Patent Publication No. 2-31673, there have also been proposed recording media 
having an ink-receiving layer of a two-layer structure that an inorganic pigment layer absorbing an ink in a great amount 
is formed on a substrate, and an ink-receiving layer comprising a thermoplastic polymer is provided as the outermost 
layer., • • _* , _ 

[0010] Japanese Patent Application Laid-Open Na 9-296067 has proposed recording media having an ink-receiv- 
ing layer in which a great number of interstices are formed as pores among polymer particles. 
[001 1 ] However, the above-descrjbed prior art documents have involved the following problems. Namely, in the con- 
ventional recording media, the so-called slurry-like plastic pigment which is prepared by subjecting at least one vinyl 
monomer to emulsion polymerization, oMhe like is suitably used. The fine particles generally used in the abovfe- 
described Japanese Patent Application Laid-Open No. 58-136482. US. Patent Na 5.374,475 and Japanese Patent 
Publication No. 2-31673 are spherical and uniformly arranged as illustrated in Fig. 6, and the ink absorbency of the 
recording media has been imparted by the interpartide pores. 

[0012] A porous resin layer having pores formed among such spherical particles has an effect to absorb an ink 
impacted on the recording medium after ejection of the ink and make the diameter of dots formed uniform. As a result, 
a certain degree of resolution has been able to be achieved in an image formed therefrom. 

[0013] When an amount of the ink to be ejected is increased upon printing for the purpose of increasing a printing 
speed, however, a solvent (water) in the ink cannot be fully absorbed in the pores formed in the recording medium, so 
that problems such as ink running and bleeding have arisen. 

[0014] Therefore, it has been attempted to enhance ink absorbency by containing porous inorganic particles in a 
porous resin layer. In this case, it is difficult to control the mixing ratio of the thermoplastic resin particles to the porous 
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inorganic particles contained therein. When the content of the porous inorganic particles is high, the amount of the ink 
absorbed is increased. However, the sufficient content lowers the strength of the porous resin layer, so that such prob- 
lems that separation or defects are incurred in handling have beea encountered upon the production of such a record- 
ing medium or formation of an image on the resulting recording medium.— c ~*v-** 
5 [001 5] 5 =- Accorcfing to the recording media descrfced in "Japanese Patent Application LakJ-Open No." 9-296067, poly- 
mer particles in an emulsion are aggregated by ir^abilizing the emulsion before, upon the formation of an emuision- 
containing layervall water in the Wiulsion is vaporized out of the layer, the resultant layer is'theh dried, thereby causing 
interstices among the particles to remain as pores to provide a porous resin layer 

[0016] However, this process has involved a problem that since the aggregation is conducted by using a gelling 
w agent before the drying, it is impossible to stably control the aggregation, so that the degree of aggregation becomes 
varied, and as illustrated in Fig. 7, the size and number of the pores become uneven to partially produce portions low 
in absorbency and also to specifically produce large pore portions, whereby absorption of an ink is varied to make an 
optical density of image unstable. 

is SUMMARY OF THE INVENTION 

[0017] With the foregoing problems in view, it is an object of the present invention to provide a recording medium 
which has good ink absorbency and little variation in the absorption of an ink arid can provide clear and bright images 
high and even in optical density, and an image forming process using such a recording medium. 
20 [0018] -The above object can be achieved by the presert iiro^ . 

[001 9] | ; * AOTrdng to the present invention, there is thus provided a recoixfing medium comprising asubstrate and 
at least one porous resin layer formed on the substrate, wherein the porous resin layer comprises heterarnoriphic micro- 
spheres. ~ v • 1 J r? — u - - ~ • - i* ; * - ■ 

[0020] ; AOTrcfing to the present invention, there is also provided a process for producing a recording, medium hav- 
2S ihg at least :one porous j resin jayer on a substrate/ which comprises the stepsoTapplytog acoatihg formul^on <x>rnpris- 
» n 9 jwlyrar J n jj^^ heterbrnorphic microspheres are ^dispersed,; to the" substrate,* and- drtf no^the coating 

formulation ? at^ icwelrthan the lowest film-forming temperaturVof th^h&eromorph^ 

thereby forming ^eVordus resin lay^; ^ ' " ? ' ' fc — ; — - •■■ ^ - - — - - - - ^^ D r-' 

t 0 *? 21 ] ^9 j*}. e P r ^ e / rt jny® ntjon » trie J® is further provided an image forming process, comprising the step 

5!? ! */^"9 porous-r^inlayer .<rt theje<»^ above jo 

randuct rircoirttfng,^ ttej^ording medium at a tenperatore^ th^ftelc^^ tem- 

perature of the'heteromofphic microsphere^ from which the^poraus resin layer is form^tha'eby formlna tifie'Dorciis 

•Vesiri layer irJ^ilm? " ' ' ' ..-^.i* V"--!" r\~;/ 

[0022] Accorcfing to the present invention, there is still further provided an image. forming process m comprising the 

?^J?«??S n fl^ J5L k . rXJ 1 " l n M'J et C^Pfd^Q sys^ 9 n .the k pw-pus resin layerof the recording s medium desarjbed 
abwe to rahau^^^^ 
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is Tormea, tram tne side of the substrate of the recording mecfium, thereby, transferring-the. porous, resin* laver to the 

40 transfer-printing medium/ • V ^ A, ^ ^ ^ V^T 

. J?£??L~ v ^^S" 9 ^ ^ e ^Rresent ^rwenton, even and bulkyjxires can^be^ly^formed Jn an ink-absoAing layer by 
l?!!2?5i i 39 'S? 52^!!? 9 ?L e P?d^S JP " th " e form J3f a heterorWphfc^cro^ providing " recording 
CS~S^^S&^9 h 4nSi*^^ an In £ and permitthe formation oMmages:having high and 

45 [0024] According to the present invention, there"can i be provided recording media which permte,the provision of 
images having excellent water fastness and weather fastness and withst^dhg long-terrn storages, have a strong film 
and are easy to handle, and ah image forming process which can actually achieve excellent image quality and permits 
the formation of an image by transfer printing. _ J/ . . , 

[0025] [ The' present invention has been led to completion by investigating the findings obtained by tests by the 
so present inventors in furttierdetail. ^ r " ' '.' V''. - "**.. . * 

BRIEF DESCRIPTION OF THE DRAWINGS " " 

[0026] 

Fig. 1 is a schematic crpss-sectionai view illustrating an exemplary recording medium used in the present invention 

' (EXAMPLES 1 to 3). " ' ' * ~ " ; V " " ■ - - ' 

Fig. 2 is a schematic cross-sectional view illustrating an exohplary recording medium of a two-layer structure used 
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*m the present invention (EXAMPLE 4). * ' s ^" * ~*' 7 \ -> * " ■ — . - - ^ 

Fg.~ 3 js ^schematic crbs&sectiohal view, illustrating^another exemplary recorcfing medium of a two^er structure 
usedinth^r^^invWitiOT (EXAMPLE 1?-^^ r ^^>^ 2-v.-*r.y. ''.-tz\':-^ - 

Fgs. 4 A 4B, 4C, 4D and 4E^schematicaiiy illustrate examples of heteromorphic microspheres used in the present 

'irWentior^ <J~ * ' ; ; ... / 

Rg.JS illustrate a porous structure formed of resin p^des'in the form of a heteromorphic microsphere. t ~ 

* Rg^ 6 illustrates a porous structure .formed of the conventional spherical resin particles. , . ~~ - . * 

Ftg. 7 illustrates a porous structure obtained by gelling the conventional spherical resinpartides. . 
Fig. 8 is an electron photgrocrograph illustrating the structure of heteromorphic microspheres used in EXAMPLE 1 . 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0027] The embodiments of the present invention will hereinafter be described specifically. ~ 
[00281 Hgs. 1 to 3 illustrate examples of the recording medium according to the present invention. In Fig. 1, refer- 
T5 ence numerals 101 and 102 indicate a substrate and a porous resin layer, respectively. ~ ~ " - 

[0029] Fig. 2 illustrates an example where a porous inorganic particle layer 103 is provided between the substrate 
101 and the porous resin layer 102. Fig. 3 illustrates an exanrple where a hot-melt resin layer 104 is provided between 
the substrate 101 a^Jhe porous resin layer 102. 

[0030] In the present irwerttiori, , heteromorphic microspheres, which are not spherical and from whidr the porous 
resin layer 102 is formed, may bain v^'ous forms "as 'illustrated in Rgs. 4A to'4E^Exampiesof hiteromorohic micro- 
spheres formed by binding 2 fine particles to each other include those in the form of such a snowman as illustrated in 
fig.4Aandinth^form^ ' - -~ ^--v— r 

[0031 ] Examples of heteromorphic microspheres formed by binding at least 3 fine partdes to one another include 
' those in we form tfsuch a boomerang as illustrated in Rg. 4C. in the farm of such a fourrleaf clover as illustrated in Rg. 
4 9.^^ Srf" ur^^ermnate^rm as inustrated in ^Rgl^E.The micro^heres aooording to the present liwertfon are 
pr ^??^^^fJ°!5^1^ J!^*5j!^ such^miao^h<^W^ 
formatfiiT of pores 'greater thanlheHise of individual rricr^hWes*(sph^ reason of trending of particles to one 

another. ^ - - , ^ ^ ^ ^ ^ _ , V r^rr ' ^o^-'k 'r-t^ ' -*^v 

■ [0032] If the number of f inep^cies boruied to one ahother islcb'great. liie form oi Ttrie^e^lting^Ttoo^ 
oe vaned in some cases, and rt may be difficult in some cases to form even pores upon the formation of a porous resin 
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sphere and also includes a somewhat deformed form. 

; L0033] -s J The size of the microspheres according to the present invention is suitably selected according .to the appB- 

* inR*fet recoWirfgsystem'is preferably d:r r to x lb^um in t£rr& r (rt ma»^ is smallw thOT%ie r Iowa > limit 
« -of the above range-any pore having a suff taent size is not formed. If the size is greater than the upper limit of the above 

range.- poreshaving an excessively great see are partiallyformed iri the resulting porous resin layer, and so.variations 

[0034] A method for producing these heteromorphic microspheres varies according to the size and sffucture of the 

* microspheres intended:^ However? basic exarrples thereof include emulsion polymerization, suspension polymerization 
r ™.«niu6mcaioit Jrr partcuTarvirrorder to form heteromorphic microspheres like the present invention, it is effective to 
-irnroauce a monomer into seed particles produced in advance and polymerize the monomer to enlarge the seed parti- 

cles. This method is referred to gs seed polymerization. The method may also be referred to as stage feed"poiyrneriza- 
45 . v tiori*pa^ng attentionlo poiyrfwizafee pfdcedurVin particular.^ * x *' v ' v7l, i ^ """" ' 

[0035] iC -When the amount of a stage feed monomer is limited in the "seed polymerization so as to make a monomer- 
exhausted state within particles, "thereby conducting polymerization, a propagation reaction progresses side by side at 
plural sites within jndh/iduaJ particles, and cor^equently heteromorphic particles are grown. At this time, when stage 
feed pblymerization'of a crosslinldhg seed is conducted deseed particles, microspheres in a form ttiat at least two par- 
50 tides are bonded to each other are formed. In this mechanism, the monomer is once dissolved in the seed particles by 
stage-feeding crosslinking seed particles, but it phase-separates from the seed partides due to lowered compatibility 
when it is converted into a polymer. 

[0036] At this time, the phase separation continuously occurs so as to lower interfacial energy. As a result, a newly 
formed polymer is extruded out of meshes of the seed particles to form projections. In this case, the crosslinking struc- 
ture serves as propejfing-forcerfor ^keeping the original form of the seed particles to extrude the newly formed polymer 
The h&ertimoiphicrftc^ in the present invention may be used in the" form of a dispersion in which sec- 

ondary particles formed by aggregating primary particles are stably dispersed. . _ J / ^ ' - 
[0037] — - Examples" of theTesTri forming "the resin particles in the heteromorphic microspheres used In the "present 
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invention include polyester, polyethylene, polyurethane, styrene-acrylic copolymers, poiyacrylates. polymethacrylates. 
ethylene-vinyl acetate copolymers, polystyrene and pdyvinyPchlorider However, the resiri is riot limited to these resins, 
-partides formed of these resins may be usedeither- singly'orinanyaambinationther^if d^redl. >::: ? " " ? ^ , r^ 
i: [0QM]S^The1west fam-forming tel^erature of me^heteromorphjc'm deVirablylwithin 1a range of from 

5 4(Tto^i50°C/Th^terim "kwest firrvfoVming terrperature^'as lised hereirt means'the'lowest temperature y which the 
resin particles can be formed into a uniform film when they are applied as a coating and then heated. ' "' 

[QQ39]"Gvsln order to form a porous resin layer after the resin particles are uniformly applied in thepresent invention, it 
is necessary to conduct heating and drying under such conditions that the resin particles in the form of a heteromorphic 
microsphere are fusion-bonded to one another to an extent that the resulting film has fixed film strength without forming 

w a dense film to farm a porous structura - ■- ■ " " * ^ : .■ - v - 

[0040] i The term "porous structure" as used therein means a porous structure obtained by partially* bonding the 
resin particles in the form of a heteromorphic microsphere to one another by heating so as to absorb inks therein unlike 
the structure of porous inorganic particles that the particles themselves have pores to absorb inks therein. 
[0041] * The reason why the porous structure for enhancing ink absarbency is provided in the present invention is 

ts due to the specific form of the heteromorphic microspheres. More specifically, the effect of steric hindrance can be uti- 
lized in the case where the heteromorphic microspheres are arranged compared with the case where the conventional 
spherical resin particles are applied to and arranged on a substrate to bond them to one another. Accordingly; the thus- 
formed layer is bulky and contains a greater number of pores. This permits the formation of regular pores unlike the 
case where spherical particles are forcedly aggregated by containing a gelling agent in a dispersion of the spherical 

20 partides upon application thereof, so that The ink absorbency can be uniformly enhanced within the formed layer. 
[0042] If the lowest fOm-fbrming temperature is lower than 40°C, the densrfication of the coating rs caused to 
progress when a coating formulation containing the resin particles is applied and dried, so that it is difficult to provide a 
porous structure, thereby inhibiting the penetration of a solvent (water) in an ink to cause ink running; bleecfingand the 
like upon recording. It is also possible to lower the drying temperature so asnot to form a derSefilm. Haivever^^ch a 

25 i method takes a long time to dry the coating because the solvent in the coating formulation applied becomes difficult to 
^*dry.tf <^sm w^wt t$f\*> ivsir r^zxxs. 3; a c?j a-C^c^: .£ ;iui- h%vc<K^ » ufuvsri nozshzrs^ grju 

c [0043] |f the lowest fflrrhfomrangterrper^ a heat treataenf^ 

ing must be raised, which causes a problem that a *6ubstrate and a pigment and/or a dye in 
"owdized 5 or discolored. The 'more preferabl 130°Cr 
30 [0044] ~ KRg. 5 illustrates the poroLs'structure of a porous resin layer obtairi^by^partiaily bohSir^ ^ in 
the form of a heteromorphic microsphere to one another~uricfef the above proper^fieying^ -' :t ' r f : v t 

-■[0045]^Trie thickness'of thelpdrbus resin Iayeri02 is* prefer^lrllb 70 ^m; If trie 'thic^e^is^OT^i^r ttxah" 1 jun. 
the coating film can not fulfill a role as an ink- receiving layeTvancl moreover when an ink^corrtainirig a pigmarrt as a com- 
ponentTs used. its r function <^ at^ltjing the pigm is '^soiwe^.^^ ' ^ ^ 
35 ic [0046]^^^Furtherf although an infccan erteTpores^formed among the resTapal^cl^^ the porous 

^ resin l^rer is suffident/effecte such 'as ligrrtfastness and az*¥fastne^^ con- 
3ftainihg aljye as a M cdmponent is used if thVtftc^ess is tbatHinf fw ^?v:, ;^.c cti^^Q^J 

[0047] 
^occuri 
40 ^impaired? 

^deteric^ed. The more ^ jim?^^ .ra&teis <zu ^ 

te [0048]^^lh thepresent inventidnf anorganicbiri^ 

■ * * " - • . - . - . ..... — ■ _ .. _ ... ^t^r . #c ^. ^ ^ 

i birx^er referred, 
t softening and 

45 fluidity at a temperature loweiwthan the resin particles in the form of a heteromorphic microsphere. ftVfcreferably a 
* " water-soluble or wa^isperstole^pblymer: -te^i-"-**- — a:a - r h ik- {^.* ... 

' [0049] ^-Examples of the water-soluble polymer include polyvinyl alcohol or modified products thereof (cationically 
modified, anionically^modified. silahol modified), starch or modified products thereof (oxidized, etherified). gelatin or 
'"modified products thereof, "casein or modified 1 products thereof gum Wabic and cellulose derivatives such as car- 
so boxymethyl cellulose, hydroxyethyl cellulose and hydroxypropylmethyl cellulose. ' r: r "* : ' ir -^'^ ' s * v < CCJ5 *.'* 

; [0050] Examples of the waterkiispersible' poiymer include conjugated diene Copolymer latexes such as SBR 
" : latexes* NBR latexes arid methyl methacrylate-butadiene copolymers, functional group-modifieci polymer latexes, vinyl 
* copolymer latexes such as ethylene-vinyl acetate copolymers, polyvinyl pyrrolidone. maleic anhydride polymer or copol- 
ymers thereof, acrylic ester copolymers, and poly urethane and polyolefin latexes. v> "* 
55 * [0051] ^ These binders may be used either singly or in any combination thereof. In the case of water-dispersible pol- 
ymer particles, its particle diameter is preferably small so as not to inhibit the formation of the'pores formed by binding 
' the resin particles 'in the form'of "a "heteromorphic microsphere to one "another. The particie'diameter Is preferably 
- smallerth'an'0.1 urn.- " : vyWciza^r nz^s- -z ^srrrc: .. : M '3^,-.c:^^v: ( . _ *vt.^ : 
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[0052] isr A mixjng ratio of theresin particles in the : form of a heteromorphic microsphere to the organic binder is pref- 
erably within a range otfrom 20:1 to Uljn terms of a. weight ratio^lf the amount of the organic binder is* less than the 
Jcw& limit of the.abpveyange, its ^ect as tteJbjnder^^^ K.the^amount is greater-than the upper limit of 

thei^oye r^ a recording medium poor in ink 

■ * absorblricy; • ' r >7^~^V^' _*r - ^-.s^ - 



;[0053] , r: In'the present invention, porou&jnorganic. particles, may, be contained in the porous resin layer 102 for 
enhancing thejnk absorbency oi [the porous resin layer. .Specific examples of the porous inorganic particies indude sfl- 
* ica.1alumina hydrate, calcium ^carbonate, magnesium carbonate, magnesium oxide, kaolin, talc, calcium sulfate, barium 
. ' suttate, titania, zinc oxide, zinc carbonate, silicic add, sodium silicate, magnesium sflicate, calcium silicate and day. 
10 Examples, of inorganic partides preferably used, from Jhe viewpoints of ink absorbency and resolution in particular 
indude.sHi^ : v r- te( - C;/i5 ^3C3 ^rrrrir^,:;^ *«T~:r 'r : . * 

[0054] As the silica, the-e mary be ^ used any of natural siiica, synthetic silica t ,amorphous silica and chemically mod- 
ified.silica compounds. However,, silica having a positive charge- is particularly, preferably- used. Since the alumina 
hydrate has a positive charge, a dye in an ink is well fixed thereto, and an image high in gloss and good in coloring can 
is hence be provided. In addition, a porous resin layer having a low haze degree and high transparency can be provided. 
[0055] y ^The content of the porous inorganic partides in the porous resin jayer is preferably 3 to 25 % by weight 
based on the ^total-solids corrterrtjnthe^ porous resinjayer. If the content js lowerjhan.3.% by weight, their effect 
; bepornes Trttie. If the content is higher than 25 % by weight on the other handf cracking, dusting and the Gke occurs in 
thare^ting porous resin laye*Jtts; hence ! not pr^erable to contain the porous inorganic partides outside the above 

3 [OOSBlj fJ sThe JJarous i /esia layer can ^formed by ; appjying a coating formulation detained by optionally mbdng'the 
** qrgak^bMer and : porous ir^anic p^des int^ a. heteromorphic 

^,[0057]^ ^ r Thej»atir^ of 3Jo7^Whenjthe porous nesin Jayer is formed using a 

25 coating formulation having a pH lower than 3, the ink applied to the porous resin layer upon recording may tend to 
undergo c»tor ch^ pH is higher ttan^qn the other^hand, thepoating formulation tends to 

vincreaseits viscraty.^ndsojts stability wjth J'me may be detwiprated in some cases. - ; - itsifi lr? ^ oc* i^un* 1 ~ n i 
[0058]-,, pjo^ecoating ^nuilatwn. ^V&TOyjae^fu^jsradded a wtionizing.ager^^rfactant^wat agent 
, : di^^sing agert^.^ : ar^OTjng agent, foam suppressor and/orjhe 

30 lil^e within iinirts hotjr^edjng ttj^object of the pres^jny^pn. :fiS ^-v ^ ^i^H^r.-rnr zi^&m?\iy>^ £'~® r&z* 
n JP?^i*TsQc J}JK? , ^S55S9 I 5¥!! , 9 599,"$ ^^.^^y^^^® . bG Pfy.se the water jastness.gf an image recorded with 

/ . < [0060] * Specific examples of the cationizing agerrtindudes the,r^drochlor^esjind ace^es^pf laufyla^ne,.stear- 

* J5 ^^cryfec e^erSi^arro^gniurn safejrfjwjyacrj^ 

fide and benzalkonium chloride; pyridinium salt type, compoui^;^ ethylene 

e ; BM^lj^^lhe surJactanUs an t effectrve i <aptf itrve for prwenting coating defects ^u<^ : as dsang when the coating fbrmu- 
- T-l%R05^ as carbcocylic acid 

40 salts, sulfonic add satts, sulfate anctpho^^e.^ 

; ^ r quat^ary am™ h^erpcycHc quaternary ^ammonium salts; non- 

^fetry^.add e^ers i a£d : pdy^d^ene ail^Jarnines; and amprrateric surfactants such as aminocarboxyiic acid.salts and 
I jm^azoline d^ v *— c*-.^ r ;^er t iq -v^+ sxixzrf t -. -.T.-fs^s £ >s - :^ •- :"r 

45 3 [0062f '■"No particular firhrtation isimposed on the coating method otthe coating formulation,.andthe coating may be 
conducted by means of a roll coater, air knife coater, blade coater, bar coater, gravure coater. rod coater, curtain coater, 
die coater.dr the like. The drying is conduced, at a temperature lower than the lowest film-forming temperature of the 
. ..^sin P^P^S j 1 } ^.^^^^S^^^P?? n^P^^G^-^^^Pi'^^WO 9**P> 'f^r 3 ^ drying oven or the Hke com- 
"mbfily used, or any combination thereof. y ( - 33 ^ J .'^, ;X J*^ CV . . _ , ^-^--Aov^ -~x'- ^ vfSz-*- 

so , [0063]^,. .No particular Ijmrtation is fmposed on the substrate 101 used in the present invention, and various kinds of 
. substrates may be used. Examples of usable substrates indude paper webs such as suitably sized paper, water leaf 
..paper arid resin-coated paper, resin films arid sheets, doths, glass, and metals. As the resin films and sheets, may be 
used transparent films and sheets formed of polyester, polystyrene, polyvinyl chloride, polyrnethyl methacryiate, cellu- 
lose acetate, polyethylene or polycarbonate, as well -as opaque films and sheets opacified by the filling of an alumina 
55^ hydratej titanium whkejor the lite, cr'the formation of f^^ v : .j ( "-. .. vr ^ -v . r - r . s.yjzi 

[00641. . When.a. "transparent film Js used as the substrate, the resulting recording medium can. also be used as a 
sheet fer*OHP (overhead projector) or in the formation of medical images as a X-ray film or the like. When, an opaque 
plastic f 3m containing a white pigment, or paper is used as the substrate, the resulting recording medium can also be 
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used in a field of photographic images like photoprints. , further, various kinds of color pigments may be contained in a 
substrate to make it translucent or colored; thereby OTntroTGng the color tone of the whole image! "T^ 
[0065]"* Trie substrate may be subjected tojasurface treatment such as a corona discharge treatment for improving 
its adhesiveness 'toWe pbrousresin layerfKe^ an ink-receiving Iay^l3rl3^d^ t wih an ea^adhesTon Tayer as an 
-undercoat Further, a curl-preventing layer ^suchas a resin Jayer or a pigment layer Jor preventing dffflng.may'jbe pro- 
vided onthe back surface of tae^ubstrate of^at a desired* position thereof/ No'pa^c^sff limitation is imposed^on the 
thickness of the sulfate as^welK 'The thickness'of the substrate may be suitably selected ! as necessary far the end 
applicatiomrtend^7and is often : * * ' * " '.'**" ..1 * 

[00661 The present invention is also suitably applied to a recording medium of a two-layer structure as fllustrated in 
Rg. 2. in which a pbroik inorganic particle layer 103 farmed basically of porous inorganic particles and an organic 
binder, and a porous resin layer *1 02 comprising heteromorphic microsphere are successively formed on Vsubstrate 
101 . Namely; the relationship between the absorbing capacity and absorbing speed of the porous resin layer 102 and 
the porous inorganic particle layer 1 03 as illustrated in Fig. 2 is optimized, whereby high absorbing ability is adiieved. 
Namely, the resulting recording medium can be suitably used in printing by a printer from which a great amount of an 
is ink is'ejected. : • - ' '. ~ 

[0067] ~ Therefore, an image high in optical density of image and gradation can be provided More specifically, the 
absorbing capacity of the porous inorganic particle layer 103 of a lower layer is made greater than that of the porous 
resin layer 102 of an upper layer, whereby most of a solvent is absorbed in the porous inorganic particle layer 103, so 
that the solvent is prevented from running in lateral directions in the porous resin layer 102. . 
[0068] A dot diameter of the ink impacted can be optimized by adjusting the balance [of ink "absorption among all 
the layers in such a mariner, so r that a bright or clear image can' be >ecbrded., Besides, the absorbing speed of the 
porous resin layV 102 of ttie upper layer is made higher than that of the porous inorganic particle tayeM03 of the lower 
J^K 1 } Y^?!^* ^ can' be transferred ; t#the 1^ that a 

possibility of feathering at the surface can be further reduced, arid an image high^in resolution can be formed^.^ 
s ^P 6 ^ ~ Vi e ^rous irrorg^c" parricl e layer 103 fur^orBas^i^'rbing iay^faV.th ink 

* and moreover asla firing layer tor> dye corrporient when trie ink contains the dye ram^e^afid assumes most of 
- the ink absorption by the whole ink-absorbing layer of the recording m^i^~^& &re. it is dea'rable to have a great 

ink-absorbing capacity in particular. ~'"7 "*""" ^ " u ^ t *" 1 "'"'l'*" ^ ^rJSS* 

™ Q 7?K„ . jn .prder^to secure ^a suffiaent s ink-absorbing capacity, ^it is necessary to adjust the pore diameter qkthe 
^^?' a y^!^* is ^ me « is clesirablelhat the ^'efage pore diameter bejanmir ^ sn^w^and any 
pore exceeding 1 0 nm be substantially not present If the average pore diameter exceeds 1 0 nm, light scattering occurs 
on the resulting parous inorganic particle layer, so that the transparency of the recording mecfium is impaired, and more- 
IflifSC^.'nSfl 6 -^^^^®^ a great.average-pore dameter is not pre- 

^ rerred.* inadentally, the pore diameter distribution is determined by the nitrogen adsorption and desorptioarrmthocLdr 
JPS^iv^U" « ^H^^f^ 50 ^^ 5^?^ J 1 J? .ateo a jdnrable Jhai r the .1x^ i ppre-YOlume of meporqtis-irw- 
^ ^OJ^J^SI^Sl? j^ 6 !; be ^v^in a range of from b^l Jo j,0 Vc/g. prefer^fWm OAta the 
porous inorganic particle layer is greater than the upper limit of the^above range,xrackina and dusting tend^to occur 
~ upon the formation of porous inorganic particle layer. If the pore volume is srnaIler f j^.the 1 lo^ 
"^iHSftlte P?£? u ^ HJp^an*? PSfJcle layer becomes poorin ink absorption.. It is furthetd^r^iTftai'^ 
" P?f S"iS??,?i*a porous, inorganic : particle, ayer be at least 8 cc/m% lithe porejvolume per unit area is smaller than 
IT 1 ^ - ® ™^SS that inks tend 

STnn^SSf*?? of"?^ ^r.'tri -i *l jnr e: n " H a^si s nWtw vl^^ia >^d.fe£-/TA«t*'4 

* i QU \r}^ .^ ^-^PJQ^l^P^Jw es used in the porous inorganic particle layer, preferred porous,inorganic particles. 

* 7*** P^f^'S^^^^^^^h^^y fromjao to 500 hra Examp les of r inorganic particT^prlferably used from the 
r^ 6 ^^^ of ink atfeprbency'and resolution in p^cular ihd^ hydrate. . In partiailar, the use of the 

alumina Hydrate permits the provision of a porous inorganic partide layer having a law haze degree and high transpar- 
ency. \'Z'., ' " '.*..-" *..'.*"*../ ... - + . 

[0073] " ^The binder used in corhbinatiori with the above inorganic particles is preferably a water-soluble or water-dis- 
" persible polymer E^mples of ,the polymer used include polyvinyl dcbhol dr.modified products thereof (cationically 
mcxjifi^ranionic^ily^mcxjifi^^^^ modified), starch or modified products, thereof (ci(idized.Jetherified).>gelatin or 
modified products thereof, SBR latexes. NBR latexes, carboxymethyl cellulose, rtydroxyethyi celiulcse, hydroxypropyl- 
methyl cellulose, and polyvinyl pyrrolidons, maieic anhydride polymers or copolymers thereof, and acrylic ester copol- 
ymers. TTiese binders may be used either singly or in any combination thereof. 

[0074] .The mixing, ratio of the inorganic particies to'the organicbinder is witiiin arrange of.from 1:1 to 30:tin terms 
of a weight ratio. If the amount of the' organic binder is less than the lower limit - of the above, range, the mechanical 
strength of the resulting porous Inorganic particle layecbecomes fnsuffkient.lwhicri. forms the ^ cause of cracking and 
;dusting: t tfthe amourA^'^eater.Vian the upper limit of the above ranged the ink i^orbency of ttie resulting porous inor- 
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ganicpartidiB layer isdetOToratedrthe particul^ 20:1.1, 
[0075]^ A citing formulation is obtin^ by^usng ^ajaw^escrtoed porous inorganic particles and binder. This 
coating farmidSorY is applied toa sufi^tC whereby thaportnjs inorganic particle layer .can b^'forrhecJ. -V; 
[0076]^ To the'coating formulation,, there may be further added additives such as dispersing.agents, pKadjusters, 
water-proofing agents and ! ^rf^tarfe as nece^ry for to - _ . 

T [Q0^^~^ 

may bVcbr^rt^ by means of a roll coater, 1 air 'feife coaterTw^e cMtef, bar coater, gravure caater, rod coater' curtain 

coater, die coater^or the like. ^ . _ i*. . ~ T^-l ~V ~ - * - - - ' =• ' ~ - - 

[00781* ^ Jhe^dr^ng isj^ a hot-air dr^ng^oven, Mwe^ii^ the lika'commonly used, or any 

combination thereof. The drying conditions Tnayjae suitably adjusted accorcfirig to the^composffian of the coating formu- 
lation used, and trie "drying is inducted at a temperature atwhfch the solvent (water) in the coating formulation is evap- 
orated, and moreover cr^slinking or fosion'bqnding betweeri the parous inorganic partides and the binder is made. 
[0079] : 31 The thi^^' i^the porous irwrganic partide]l^erjd3'fo™ 

thickness is smaller than 1 |tm, such an inorganic partide layer becomes insufficient in the ability to fixing and absorbing 
the colorant, which causes a problem that an image formed on the porous resin layer undergoes feathering arid the like. 
If the thickness of the porous inorganic rj^de Jayer an porous inorganic partide layer under- 
goes- lowering in mechanical strength and transparency and 'occurrence of cratingdefects upori coating oif the coating 
formulation, which causes, a problem thai I portions incapable of securing a suffidert ink-aBs^ 
occur at such an i inorganic particle layer. . jt js trace not itftferable i to'tom any porous inorganic partidelayer having a 
thickness 'outside tta rabove ranga.the rrCTe-prWer^e^tfiiciii^s & the porous inorqanic Mrtde^laver is 5 to 50 urn. 

- [0080] In the present invention, a substrate subjected to a releasing treatment and having release property is used 
as the substrate 10.1 of the recording medium of the structure illustrated in Rg. 1 or 2, wherefay.the resulting, recording 
medium can be provided as an image transfer mecfium. In this case, the porous resin layer 102 comprisinq the hetero- 
morphic microspheres fulfils a role as an ink-absorbing layer by virtue of pores formed among the resin partides in.the 

25 form of a heteromorphic microsphere and moreover has adhesive property to a transfer-printing medium. Therefore, a 
-resin;.whicn can be melted at a lower temperature and has a lower glass transition point among the resins mentioned 
" above for the. heteromorphic microspheres is preferably used! - - _ 

[0081 J ng. 3 illustrates a structure suitable for use in transfer printing, i. e. t a recording medium of a two- layer struc- 

- ture, in which a hot-melt resin layer 104 comprising a thermoplastic resin having a low melt viscosity upon transfer print- 
30 * mg and a porousresin layer 102 corppnsing resin partides in the form of a heteromorphic microsphere are successively 

formed on asubstrate 101: The hot-melt resin layer 104 futfOIs a role of reinfordno adhesive property and has no need 
. -to have ink absorbency in particular so far as rt becomes low in melt viscosity upon transfer printing, has good adhesive 
; .^property and penetrates into interstices in artransfer-pnnting medium compnsing fibers or the like, to developjstrong 
" adh^v^fSfcIS^^*^^^^^ :^aa^ B^&ni^^us^-a jz**^* 

35 f [0082]^ Exampfes gf the'thermoplastic resin used in the hot-melt resin layer include polyester resins, acrylic resins. 
, a vinyl chlonde resmsrpolyethylene resins.:vinyf acetate resinsTpolypropylene resins, polyethylene owde resins and pbl- 
-yvirryfidene chlonde resinsr^A mixtureobtainedby addingk tackffi^v a plastfdzerroiC wax, etc; to such a thermoplastic 

. "[0083]^ A f coating method of the ? hot-meirresin; is used the conventional coating method for hot-melt resins suitably 
40 ^using aBie- coaterjroll coater? fountain coater or the like^ln order tosmooth the surface of the resulting coating layer 
- w arxi control thethickness thereon:the coating layer be subjected tea post processing such as pressing:as needed. 
is r [0084r ; w *The -.thickness W the 5 rrat^elt TesinMayer^104 ,t is suitably selerted as nece^try^for^^ 

intended, but is preferably within a range of from 1 0 to 80 ]xm. If the thickness is smaller than *vi SnTite ^hesive force 
* c to a transfer-pnrrting medium when the resin is melted cannot be enhanced. If the thickness Is greater than 80.)im, the 
-*£ ^flexibility of the resulting image-transter mediurrris i^rrpai red: The porous resin layer 102 comprising the jesin. particles 
-* in the form of a hlkefomonahic^micTOsphe^^ hdt-meiPr^iri layer i OA ^ according^tb *the aixDve^escrilDed 

process? thereby providing a recording medium of a two-layer stmc^re, which can be applied to transfer printing. \. r 
[0085] As examples of a means for conducting rerordmg on the ^us-ob^n^jeqording media according to the 
present inventidnf *rra/be*m r^rdinglnsrtme^ using recording agent^orrtaTning 

so \- inks; s " c h^aVfeltpe^ inkmf^rink-jef^^van^ priffing.ma^ine&'T^ ink-j^t jecordirig apparatus and 

-pen plotters are preferred from the wewpanfof jaermitting high-speed recording of images,' and the ink-[et "recording 
apparatus^" are desirable from the viewpoint of providing high-resolution images. As inks used in the present invention, 
may be'used trie cowentionaily taiown water-based and/or oil-based inks. - : - . .\. 

[0086] As coloring materials contained fn inks, may be used colorants such 'astii'e conventionally known dyes and 
ss - pigments anWormate'rials having coforing ability. Preferable examples of dyes used in ink-jet recording include water- 
"sdlubredy^represent^lD^ ^ / 

- [0087]°^As pfgrneritef various kinds ofSbo'n bladcpigment y^fowrpigment red arxTpigmerrt blue, etc. are used. 
* Inks OTrtainihga plgrfent are preferably u%^¥sVecessary for theend application intended from the viewpoints of the 
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attainment of a particularly high optical density of image and resistance to fading. , , . 

[0038] r ^ fn the present invei^ image is rampieted by heating the 'recording medium at ja tem- 

perature not lower than the lowest fflm-forming temperature of the heteromorphic microspheres forming the porous 
resin layer 102 after conducting the recording according to the above-described process, thereby making the pores 
dense to form the whole resin layer into a film. The porous resin layer 102 is made transparent by mating* the^pores 
dense to provide a bright image. The coloring material in the ink forming the image is sealed with the film to provide a 
print high in light fastness, water fastness and ozone fastness. ' v '- x * : ' **' L ^ ^ r - :Ci — * 4 

[0089] When the porous resin layer 102 is transferred to an image-transfer medium, the recording medium is lami- 
nated on the transfer-printing medium' with the porous resin layer opposed to the transfer-printing medum, and the 
recording medium is then heated and pressed at a temperature not lower than the lowest film-forming temperature of 
the heteromorphic microspheres, from which the porous resin layer is formed, from the side of the substrate of the 
recording medium, thereby making the pores in the porous resin layer dense to form a strong film and at the same time 
transferring the porous resin layer to the transfer-printing medium. The formation of an image is completed in this man- 
ner. In this case, it is naturally necessary to record a mirror image of an image obtained by recording with an ink. 
[0090] The heat treatment for making the porous resin layer dense is earned out in a hot-air drying oven or infrared 
drying oven, or on a hot plate, which is commonly used. These devices may be used in combination. The heating may 
be conducted from the front side, back side or both sides of a print Pressing may be used in combination with the heat 
treatment. At this time, the melting by the heat treatment is facilitated by the pressing. Therefore, the densif ication of the 
resin layer is accelerated, so that the treatment can be conducted in a shorter period of time." ; _ ' * * 

[0091] Specifically, the recording medium is passed through heated rolls used in lamination and the like and then 
through cooling rolls to complete the heat treatment When the surface of each roll is planished, a smoother surface 
may be provided. When the surface of each roll is roughened on the other hand, a matte surface may also be provided. 
[0092] When the porous resin layer is transferred, heating and pressing areVequired and conducted by means of 
the conventionally known hot press, heated rolls; iron or the like. y " ™ 31r ^ - 

[0093] The present invention will hereinafter be described in detail by the fdtowing Exampf^ fwtth reference to the 
accompanying drawings. However, the present invention is not limited to these examples. * 



[EXAMPLE 1] ' — - . 

[0094] ; A commercially available fc^paper web^thickrtess: 100 jim) comprising cejtdpse was used as a substrate 
101. In order to apply a coating formulation comprising polymer colloid with heteromoTptf 

therein to this substrate to form a porous resin layer 102, a coating dispersion was prepared in accordance with the fol- 
lowing process. nr "\ * : - ■ 
[0095] A kneader was first charged with 100 parts by weight of an ethylene-propylene co^l^^elastomer [ethyl- 
ene content 75 % by mol, MFR: 0.2 g/1 0 mm, density: 0.88 g/cm 3 , Sp value: 7.97 (cal/cm 3 )^ as a fcermoplastic resin. 
10 parts by weight of a maleic anhydride-grafted polyethylene [maleic anhydride content: 3.3 %"byweght Mwr 2,700. 
density: 0.94 g/cm 3 . Sp value: 8.06 (cal/cm 3 ) 1/2 . -CO-O- group content: 0.67 mmoi equivalent/g] as a thermoplastic .pol- 
ymer and 5 parts by weight of oleic acid as an organic compound converted into an anionic surfactant by reacting with 
a basic substance, and the resultant mixture was kneaded at 1 25°C for 30 minutes. . ^ _ r ^ ^ 

^[0096T 9 Then. 15 parts by weight of alkaline water with' 1.38 parts by weight (1:0 chemical equivalent) of potassium 
hydroxide, which was^required to neutralize ail carboxyhc acids of the thermoplastic polymer and' organic compound, 
dissolved therein were introduced under pressure into the kneader by means of a pump connected to the kneader over 
5 minutes. The pressure within the kneader was raised to 3 kgSrr^G. Aft&^ea2ng'ras[tn en ; cortmued far 30 minutes, 
the kneader was cooled to 60°C and opened. As a result a white viscous substance was' given.; * \ ■ 

[0097] To this product wena added 3 1 5 parts by weight of water, and the mixture was stirred to obtain a dispersion 
having a solids content of 30 % and a viscosity of 65 cP. The size of particles dispersed was determined by a Coulter 

^counter and found to beT .9 jim in terms oiF an average panicle diameter (maximum length). 
[0098] ^ the dispersed particles were observed through i an electron microscope' and found to be heteromorphic 
microsphenS'of a form tha( such fine parti^ as illustrated jn Fig. 8 were bonded* to one 

^another* Figfs is an electron photomicrograph at 10;000 magnifications: In order to [mproye leveling ability tipori coating 
of the dispersion, a surfactant (FZ-2162, trade name, product erf Nippon Unicar Ca'fudO was added to the dispersion 
in a proportion of 0.5 % by weight based on the dispersion to obtain a coating dispersion. 

[0099] The coating dispersion was die-coated on the substrate 101 by means of a coater and a hot-air drying oven 
(both, not illustrated) and then dried (drying temperature: 50°C) to form a porous resin layer 102 having a thickness of 
35 um, thereby obtaining a recording medium 100 as shown in Fig. 1.,The porous^structure of'the recording. medium 

1 viewed from the surface thereof was such that a great numbeV of buiky pores are evenly formed as illustrated in t Rg. 5. 

- [01 00] * • The thus-produced recording medium was cut into A4 sizes to" print a design pattern on the resultant record- 
ing medium sample by means of an ink-jet printer (BJC-430J. manufactured by Canon Inc.), thereby evaluating the 
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'^^gjTi^ium sarTpie as to ^6|f^low"ng"iieTO (j ) to ^}7^e e^uation resi^ are shown in Table t. In the present 
invention, the test samples were judged to be acceptable wherethey were not narked as C in ail the evaluation items. 

'Evaluation: . * — - _* - 

(1) Ihk^^S^ng speed (drying property): - " -7- ^. : .".V ^ 

[0101] ;~ The time until a print sample no longer 'became" smeared everT when the printed area of the sample was 
lightly nibbed with a finger after the printing was measured, and the sample wasevaluated in accordance with the fol- 
lowing standard: ' \ . % _ "I'V" " 7 7 .. . 4 . .~7 7 " . ,_7 

A: Within 10 seconds; ."77 77-7*7" " * , . * 7! _ / * " . . 

3: Within. 60 seconds; J . ^ .7.7 . .*"" - ... ^ . . . 

C: Smeared even after 60 seconds. 

(2) Ink-kb^raing ^ 1 / 77* ' 7- t~ 



[0102] " The printed area of a print sample' was visually observed to confirm whether bleeding aid beading occurred 
or not The ink-absorbing ability of the recording medium sample was evaluated in accordance with the following stand- 
ee !: ard: u * -\ - — - - „ 



'< C.JZT:'" -Z- - r ; ~,tZ 



, AAv Ne^erWejedin^ ^* r -- 
A: No bleeding occurred; ...... nrr ^ -vtf--.-. ,-,..««• . 

(3) Print quality: , - - • s - ^ \ - - 

J£t??K ^ ^Jhe printed ar^ .of .a print sample wss visually observed to confirm evenness and clarity. of dots. The print 

20 r^uality"^'^ ^; 'Cz.'l^' 7''.r^ J.. A * 

AA: Dots were even and clear; ^ ^.-v;,. 

- .r*Ar Dots were even* ' ' ! * . - ~ »»-.^*-w _ 

^ ^^^S^^^?^^^^ ^^-Pnnting. and 'evaluated, iri Laccordance.with the.following standard:.* 

AA: . . The porous resin ayer was hard to be damaaed:, * >^ . , ^ ^ <*- . . 

a. No sroaration occurred; . . * Afe ^ . , _ , , 

C. ..Sepsiraton occurred. v . . ^ . 

^ [01 05] 1 " After printing by the above printer; the pores in the pbroiis resin iayer 102 were made dense by means of a 
heat-fixing machine (notjllustrated),to form the whole resin layennto'afiimi thereby completing the fixing of an image. 
^ e fi^g. wsrandu thus-obtained print sample was evai- 

I.K^^?*^*®W^g9-^ r^Ite'WshowninTableX'lnmep 
50 sanyieswere ; J ' „ 

(5) Storage stability (temperature, humidity): * * / * 

[01 06] " ^ A fixed print samjale.was placed in an environmental tester capable of holding at a temperature of 45°C and 
55 ^^i^^^^y^'ty of ?5' % and Jeft to stand, After 240 hoursrthe sample was taken out and observed as to print quality 
" anG th? degree" of color change (fadihgJ.'The storage stability of the print sample was evaluated in accordance with the 
""following standard: - " a: -"^ tfaf - - ■ - - * - • . ■ r 
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A: No change occurred; 

B; Bleeding or fading occurred to a slight extent 

C : Very conspicuous bleeding or absolute fading occurred 

(6) Storage stability (light'tistness/ozonefastness):?" r r/ ' -'*" " c \ ? " ! v ' ; : " 

[01 07] - : ^ A fixed print sample was left to stand indoors far 3 months to observe the degree of cdor change (fading). 
The storage stability of the print sample was evaluated in accordance with the following standard: 

As" No change occurred; - " ~ 

B: -Fading occiin*^ to a slight extent; 
C: - Absolute fading occurred. 

[COMPARATIVE EXAMPLE 1] 

[01 08] '■ - Coating and drying were contacted in the same manner as in EXAMPLE 1 except that a dispersion of spher- 
ical particles having a particle diameter (average particle diameter: 1.9 jim) almost equal to that of the heteromorphic 
microspheres used in EXAMPLE 1 was used as a coating formulation, thereby forming a porous resin layer to obtain a 
recording medium. The porous structure of the recording medium viewed from the surface thereof was such that the 
spherical particles were densely arranged, and the number of pores was small as illustrated in Fig. 6. Thereafter, .eval- 
uation was conducted in the same manner as in EXAMPLE 1 . The evaluation results are shown in Table 1 . " V"> : . 

[Oimparative Example 2] - * * T ''^ ' K: — : ' ' ■ "" :V: ! - r 37 ' : ' - * ri *' ^ 1 

: '3*VD<i*«- 4 • ~ •■ o?.v-. *o 2f x ' : ^ : 5* • ' • • • • ' * : *- y -* *v* - ' ' -' : "-' v 

[0109] To 100 parts by weight of a dispersion of spherical partides having a part'dfe^dameter : (average particle 
diameter 1 .9 \itr\) almost equal to that of the heteromorphic microspheres used in EXAMPLE 1 were added, as a gel- 
ling agent 6 parts by weight of a 48% aqueous solution of a zinc complex of ammonium sulfate prepared by adding 108 
parts by weight of 25% aqueous ammonia to 1 00 parts by weight of zinc.suifate, and the resultant mixture was stirred 
to Prepare a coating formulation, the coating fonnuiltion was appGed and dried in the same manner as in EXAMPLE 1 
to form a poirwsYesin layer; ther^yjobtining a recording medium. The ..porous structure^of the fecprding medium 
viewed from the' surface thereof was such that the formation of pores is uneven because ' the spherical particles were 
forcedly gelled to rrake'the pores bulty/and the part'cles underwent parfel^ion bonding to produce S^rtions freeof 
any pore as illustrated in Rg. 7. Thereafter* equation was conducted in the same manner as in EXAMPLE 1 . Jhe evai- 
liaSon?4iuteare Shown fi iuSto l'.- : ;; * " ' *° » : ^ ' — ^ " " T ' 

[EXAMPLE'2]) : - * srtj c —ft.-- ~ : -vir - r r 

. [01 1 0] -» ^-A recording medium was obtained fn exactly the same manner as iri EXAMPLE^ except that a coating dis- 




r afcsorbericy was used; Thereafter; evaluation aslb the Hems (1) to (4) was inducted in tHe same manner as in EXAM- 
PLE'. 1.. : , . - ., ■ - : 

}?V J.-. "5 pores in*e porous resin^lay«^1 02 were then made dense by rneans of a heat^ixingrachine (not illus- 
t^sted) to form the whole rearTlayer into Ta film? ther^ completing the fbdng of an imaga Ther^after^ifie evaluation 1 as 
to Ih^items (5) and (6) wa^rahducted. The r ^aTuati6h results "are shown in Table 1 . ~ ri " * ! " " v 

[EXAMPLE 3] 

[01 1 2] A recording medium was obtained in exactly the same manner as in EXAMPLE 1 except that a coating dis- 
persion obtained by adding 3.0 % by weight of polyvinyl acetate emulsion (PS-10. trade name, product of Showa High- 
pay mer Co.rLtd;) as~an organic binder to the coating dispersion prepared in EXAMPLE 1 1n order to improve film 
strength was used. Thereafter, evaluation as to the items (1) to (4) was conducted in the same manner as in EXAMPLE 

i ■ - t - 

[0113] The pores in the porous resin layer 1 02 were then made dense by means of a heat-fixing machine (not iilus- 
trarad) to form the whole resin layer into a film, thereby completing the fixing of an image Thereafter, the e/aluation as 
to ne items (5) and (6) was conducted. The evaluation results are shown in Tabte 1 . 
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[EXAMPLE 4] 
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[01 1 4] The same porous resin layer 1 02 as in EXAMPLE 1 and a porous inorganic particie layer 103 were formed 
-as upper and lower layers, respectively, on a substrate 101 to produce such a ; recor*ng medium 200_ as illustrated in 
Fig. 2; A white polyester film (thickness: 1 00 jim) was used as the substrate"l 0 1 \ Iri order to form the porous inorganic 
particle layer 1 03 on this substrate, a coating dispersion, was pr^ared in accordance with the following processr,- - 
[0115] * Aluminum dodenaxide^was first hydrolyz^top^ 

slurry until the solids content of alumina hydrate reached 7.9 %.' After a 3.9 % nitric acid solution was then added to this 
slurry to adjust the pH of the slurry, the slurry was aged to obtain colloidal sol. This colloidal sol was spray-dried at 75°C 
to obtain an alumina hydrate. The alumina hydrate was dispersed in ion-exchanged water to prepare a 1 5 % aqueous 
dispersion. Polyvinyl alcohol (Gohsenol NH18, trade name, product of The Nippon Synthetic Chemical Industry Co., 
Ltd.) was then dissolved and dispersed in ion-exchanged water to obtain a 10 % aqueous solution. The alumina hydrate 
dispersion and the polyvinyl alcohol solution were mixed so as to give a mixing ratio of 10:1:by weight, and the resultant 
mixture was stirred to prepare a coating dispersion. This coating dispersion was die-coated on the substrate using a 
coater and an hot-air drying oven (both, not illustrated) and then dried (drying temperature: 1 4fl?C), thereby forming the 
porous inorganic partide layer , 11 . ■■^r'^u- v . "v : *r"- - 

[0116] In order to form the porous resinjayer 102, thesame coating! dispersion as that used in EXAMPLE : 1 was 
then die-coated on the porous irtaganic partide layer 103 using a coater and an hat-air drying, oven (both ti not illus- 
trated) and then dried (drying teTperature: 60'Qjo 'farm jhe porous resin' layer- 102^ having a thickness- of ^1 8 jim t 
thereby obtaining arecar^ ^ ^rWr Zr^^ : ^ ^(- - :ri,vn: : 

[0117] This recording medium was evaluated as to the"items (1) to (4) in the sara manner as in EXAMPLE 1. 
[0118] The pores in the porous resin layer 102 were then made dense by means of a heat-fixing machine (not illus- 
trated) to form the whole resin layer into a film, thereby completing the fixing of an image. Thereafter" the evaluation as 
to the items (5).and (6) was conducted. The evaluation results.are showninTable 1 ^ ~. . - . - ■ - st r r 

[0119] ^Jhe same.porous fesarlayeMO^ as in EXAMPLE 2 and a hot-melt resin layer 104 were formed as upper 
r ^.?^!%^y^ r ?SP®P^^y- ona sajbstrate^l 0 l^p P/^uce ? such a rera^ as illustrated jn fig. 3;»Gias- 

^?™? e P^§l^i^ess:'^^)'wK^^ as Ihe su&strate Noi3n1)V^erltoion^the hot-melt re^Sm'w on this sub- 
- strate. a cp^ in accordance with.the following process.^ - ^ t ^r,^ ^ ■ 

'.E?j?9U*?r*^0*^ wight 

* Du Ponr Chemicals Ca, : .UO.-^%:^.weight'of a terpene resin (Clearon M1 15.. trade name^proc^apf^suhara 
Chemical Co., LSd.) and 6 % by wei^htof ethylene wax (Nebwax L, trade name, prcriut^yiuharsT Chemical Co.,.Ltd.) 
were mixed, to one another, andihe mixture was coated on the substrate using a hot-melt coater (notiilustrated). 
thereby forming the hot-melt resiri layer 1 04 having a thickness of 60 jinx v " " * 

MS^^JSJP^^P^l^ EXAMPLEnt was 

r H ,e . n - d, ??^^^^l? ^^*^^ ^^S^s<^-a coater and an hottair.drying oven . (both,, riot illustrated) and then 
J?r.fi(*TO??r^ ei ?^^ RPSffiJ^H' feySE* 102 ..having rf a.thickness.of-:i8 um.thereby obtaining a 

r^rding m^um T]^^^ asjo the items 0 )Jo (4)jn the same manner as in EXAMPLE 

1°? x t J&iR l S^SS^^ G t^ ffl^^rJSH?- ^"9^ into comacLwitn-a cotton.fabric, and they were 

h^t^^by^e^ erf the substete..th&^"transferring.the porous resin 

c layer 1 02 ^id hot-mat resin layehfdiio the fabric. Thereafter" the evaluationas to theltems (5) and (6) was conducted. 
The evaluation results are shown in^aWe i; r ^ w " ' ^ ^ ^ ^ ' ^ " " " 
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(4) Film strength 
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(5) Storage stability (temperature, humidity) 
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[Table 1] (continued) 
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(6) Storage stability (light fastness) 
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[0123] According to the present invention, as described above, at least one porous resin layer comprising hetero- 
topic microspheres is formed on a. substrate, whereby such a layer can develop high ink absorbency as an ink- 
absorbing layer by virtue of pores farmed by arrangement and bonding of the resin particles to provide high-quality 
images having high and even optical density. 

[0124] Accordng to the present invention, there can also be provided recording media which permits the provision 
of images having excellent water fastness and light fastness and withstanding long-term storage, have a strong film and 
is are easy to handle, and an image farming process which can actually achieve excellent image quality and permits the 
formation of an image by transfer printing. : 

[0125] . Disclosed herein is a recording medium comprising a substrate and at least one porous resin layer formed 
on the substrate, wherein the porous resin layer comprises heteromorphic microspheres. 

20 Claims 

1 - A recording medium comprising a substrate and at least one porous resin layer formed on the substrate, wherein 
s /the porous resin layer comprises heteromorphic "microspheres^- ■^t&r J ■ - ^ ' 

cThe recording medium according to Claim 1 . wherein the heteromorphic rra'crbspheres are in the form mat 2 to 30 
fine resin particles are bonded to one another. : r - J :r • - - - 1 * ^ - 

The recording medium according to Claim 1 , : wherein the hetSorriorphic irtabsphWes'are formed of a thermoplas- 

;>tic resin.. ^Cr^i^tnstf &<> c/x- n?o:cc *f -j r.v v ,tu:i ■ - - ' 

The recording medium according to Claim 1, wherein the porous resin layer corrprises an organic binder. 

The recording medium according to Claim 1 . wherein the porous resin layer comprises porous inorganic particles. 

The recording medium according to Claim 1 . which further comprises a porous inorganic partide layer between the 
substrate and the porous resin layer. 

The recording medium according to Claim 6. wherein the porous inorganic particle layer comprises porous inor- 
ganic particles and an organic binder. 

The recording medium according to Claim 1, which further comprises a hot-melt resin layer between the substrate 
and the porous resin layer. 

The recording medium according to Claim 8, wherein the hot-melt resin layer comprises a thermoplastic resin. 

V, 

The recording medium according to Claim 1 , wherein the substrate is a substrate having release property. 

A process for producing a recording medium having at least one porous resin layer on a substrate, which comprises 
the steps of: 

applying a coating formulation corrpising polymer colloid, in which heteromorphic microspheres are dis- 
persed, to the substrate, and 

drying the coating formulation at a temperature lower than the lowest film-forming temperature of the hetero- 
morphic microspheres, thereby forming the porous resin layer. 

The process according to Claim 1 1 , wherein the heteromorphic microspheres are in the form that 2 to 30 fine resin 
particles are bonded to one another. 
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13. The process according to Claim 11, wherein the coating formulation; in which porous inorganic particles and an 
organic binder are dispersed, is applied to the s ubstra te, and dried at a temperature at which crossiinking or fusion 
boncfing between the porous inorganic particles and the binder is made, or higher, thereby farming the porous resin 



1 4. The process according to Claim 1 1 , wherein the coating formulation comprising the polymer colloid, [n which the 
heteronrorphjc microspheres are dispersed, s^ 

15. The process according to Claim 11, wherein the porous resin layer: is farmed after a resin material composed 
io . mainiy of a thermoplastic resin is melt-coated on the substrate. ' - . .V*"* 

16. An image forming process, comprising the step of: . ... "* - * 

. ejecting an ink by an ink-jet recording system on the porous resin layer of the recording medium according to 
:5 any one of Claims 1 to 5 to conduct recorcfing, and then / /r \ : .-. . • - ; - :—*-" . 

. heating the recording medium at a temperature not lower than the lowest fOm-forming temperature of the* 
heteromorphic microspheres, from which the porous resin layer is formed, thereby forming the porous resin 
layer into a film. 

20 1 7. An image forming process, comprising the step of. 

ejecting an ink by an ink-jetrecording system on the porous resin layer of the recording medium according to 
any one of Claims 1 to 10 to conduct recording, 
„ . . ^laminating the recording medum.on.a.tratsfer-printing medium wth.the porous resin layeriopposed to the 
2S ' " ' \ansfer*printing' medium, and then :3ri;^;>,;-inoc:c;r : -r^.:; k : nqn^*-*' 

heating and pressing the recording medium at a temperature not lower than the lowest film-forming tempera- 
ture of the heteromorphic microspheres, from which the porous resbi layer is for med.,from the side of the sub- 
^ " strate of the recording medium, thereby transferring the porous resin layer to the transfer-printing medium. 
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